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Abstract 
A series of the biodegradable copolyester hydrogels was prepared using a redox-
initiated polymerization with a constant 1:9 mole ratio of the Boltorn-based acrylate 
and diacrylate triblock comacromonomers. The Boltorn® macromonomer was 
derived from the hyperbranched polyester Boltorn H20, which was functionalized at 
each terminus with poly(ethylene glycol) acrylate, and the diacrylate triblock 
macromonomer was poly(lactide-b-ethylene glycol-b-lactide) diacrylate. The 
hydrolysis of the copolyesters at pH 7.4 in a phosphate buffered saline solution at 37 
°C was studied using ATR-FTIR spectroscopy. It was found that the presence of the 
Boltorn, the PEG and lactide block lengths both play vital roles in determining the 
structure-property relationships in these materials. The ATR-FTIR studies showed 
that with increasing lactide segment length, the rate of ester hydrolysis increased due 
to the increased concentration of the hydrolytically-sensitive PLA ester groups in the 
network. However, incorporation of Boltorn into the PLA-PEG-PLA copolymer did 
not significantly change the kinetic rate constant for hydrolysis of the PLA segments. 
The cytocompatibility of a typical one of these materials in the presence of its 
degradation by-products was assessed using cultured osteoblasts from the rat. The 
hydrogel was degraded for 28 days and found to be cytocompatible with osteoblasts 
over days 23 to 28 of the hydrolysis period. 
Introduction 
The main role of a hydrogel as a delivery vehicle is to provide a safe environment for 
the transfer of bioactive molecules to a particular treatment site. The ability to tune the 
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degradation rate is also a very important design criterion for control of the drug 
delivery profile. In this respect, hydrogels can be designed to degrade hydrolytically 
or enzymatically. Generally, hydrogels prepared from synthetic polyesters degrade via 
hydrolytic pathways, which are better understood from the chemical composition and 
mechanistic points of view. For example, hydrogels with the incorporation of 
poly(lactic acid) (PLA), poly(glycolic acid), poly(ε-caprolactone) or their copolymers 
are extremely attractive as biomaterials, including as tissue engineering scaffolds,
1-3
 
drug and gene delivery vehicles,
4,5
 because their degradation rates can be tuned to a 
particular application. These hydrogels have been the focus of many studies of 
controlled release systems for bioactive molecules in vivo because they also eliminate 
the need for subsequent explantation of the hydrogel.  
Over the last decade, hyperbranched polyesters have attracted research interest for 
applications in the design of drug carriers,
6-9
 supports for biological assays
10
 and 
dental composites.
11,12
 Second-generation Boltorn
®
 H20 (BH20) (see Figure 1) is a 
commercially-available, aliphatic, hyperbranched polyester with a hydrophobic core 
with theoretically 16 hydroxyl groups per molecule.
13
 The polyester core of BH20 is 
susceptible to hydrolytic degradation due to the sensitivity of the ester linkages to 
hydrolysis. Reul et al.
14
 reported that the degradation of Boltorn
®
 H40 (a fourth 
generation polyester modified with tertiary amines) was shown to proceed via ester 
hydrolysis of the Boltorn core in phosphate-buffered saline (PBS). Our previous work 
on PEG-based
15
 and PLA-PEG-PLA-based
16
 hydrogels with the systematic 
incorporation of a Boltorn vinyl macromonomer (see BH20PEGA in Figure 1) 
demonstrated enhanced swelling and degradation profiles in aqueous media compared 
to their pure polymeric counterparts. It was shown previously that incorporating 
BH20PEGA in both of these hydrogel systems enhances network degradation due to 
   4 
 
the greater swelling of these hydrogels, which facilitates hydrolysis of the ester groups 
in PBS (pH 7.4) at 37 °C.
15,16
  
 
 
Figure 1. Chemical synthesis procedure for BH20PEGA and PLAaPEGbPLAaDA and 
their idealized crosslinked hydrogel network involving (A) BH20 + 4-pentynoic acid 
+ DMAP + EDC in CH2Cl2 (B) BH20yne + monoazido-PEG with Cu(PPh3)3Br in 
DMF using a microwave reactor (C) BH20PEG + acryloyl chloride + NEt3 in CH2Cl2  
(D) 1k/2k PEG + D,L-lactic acid +DBU in CH2Cl2 (E) PLAaPEGbPLAa + acryloyl 
chloride + NEt3 in CH2Cl2 and (F) ammonium persulfate + ascorbic acid in 80:20 
water/acetone (for more details, see ref. 15, 16). 
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The aims of this study are to provide a better understanding of the polymer 
degradation process from a physicochemical perspective, as well as to investigate the 
cytotoxicity of the hydrogels in the presence of their degradation products. 
A vital consideration in evaluating the biomedical applications for these hydrogels is 
the assessment of their biocompatibility. Earlier studies by others
8,10,17
 have 
demonstrated that Boltorn copolymers are not cytotoxic. In addition, we have reported 
that crosslinked hydrogels incorporating the Boltorn macromonomer and diacrylated 
poly(lactic acid-b-ethylene glycol-b-lactic acid) are cytocompatible.
16
 The study of 
the proliferation and viability of the periodontal fibroblasts demonstrated that these 
hydrogels performed significantly better than the tissue culture plates used as the 
control over a five-day test period. However, an assessment of the cytocompatibility 
of these hydrogels in the presence of their degradation products is also required to 
show that the partially hydrolysed hydrogel and the by-products are also not cytotoxic 
to the cells.  
In the work described herein, we have investigated the degradation properties of the 
hydrogels and the cytocompatibility of a representative example of the BH20 
hydrogel series formed by polymerizing the Boltorn macromonomer and diacrylated 
ABA triblock copolymers.
16
 These crosslinked copolymer networks contain 
diacrylated ABA triblock copolymers (PLAaPEGbPLAaDA) with between 2.5 and 10 
units in the PLA block and with 20 or 41 units in the PEG block. The synthesis and 
characterization of the different (PLAaPEGbPLAaDA) networks will not be described 
in detail as they have been studied extensively by others
18-21
. However, the current 
work provides an investigation of the chemical changes that occur in the degrading 
hydrogels using ATR-FTIR spectroscopy. The cytocompatibility of one of the 
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hydrogels containing BH20 was studied from day 23 to day 28 of a 28-day hydrolysis 
period using cultured osteoblasts from a rat model. 
 
Materials and methods 
Materials 
Pellet-sized Boltorn® H20 was kindly donated by Perstorp Specialty Chemicals AB, 
Sweden and was ground into smaller granules (~ 1-2 mm diameter) in a mortar and 
pestle and dried under vacuum before use. 400, 1000 and 2000 MW polyethylene 
glycol (400PEG, 1kPEG and 2kPEG), sodium azide (NaN3), sodium ascorbate, 4-
dimethylamino pyridine (DMAP), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 
pyridine, ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA), p-
toluenesulfonyl chloride (Tosyl-Cl), and 4-pentynoic acid were obtained from Sigma-
Aldrich. D,L-Lactic acid (LA) and triethylamine (NEt3) were also supplied from 
Sigma Aldrich and were freeze-dried overnight and preserved over NaOH pellets. N-
ethyl-N’-(3dimethylaminopropyl)-carbodiimide (EDC), acryloyl chloride (ACC) and 
copper sulfate 99.995% were supplied by Fluka. Ammonium persulfate (APS) was 
obtained from Ajax Finechem and L(+)-ascorbic acid (AH) was purchased from 
Riedel-de Haën. Dry dichloromethane (CH2Cl2) was dispensed via a solvent 
purification system (MB SPS-800 Auto, MBRAUN, München). Methanol (CH3OH), 
ethanol (EtOH), diethyl ether (DE), dimethylformamide (DMF), tetrahydrofuran 
(THF) and dimethylsulfoxide (DMSO) were obtained from Lab-Scan. All reagents 
and solvents were used as received unless indicated otherwise. 
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Synthesis of the macromonomers 
The vinyl macromonomer consisting of the polyester core of Boltorn H20 (BH20) 
with PEG acrylate arms on its periphery was synthesized according to the procedures 
reported in our previous paper.
15
 The synthesis of the PLAaPEGbPLAaDA has also 
been previously reported.
16
 The synthetic procedures used for preparing these two 
macromonomers have been summarized in Figure 1. 
Hydrogel synthesis and characterizations 
Hydrogel preparation 
The synthesis of the BH20PEGA-co-PLAaPEGbPLAaDA hydrogels was carried out in 
sealed Teflon molds using an equal number of moles of acrylate groups from each 
macromonomer in a 25 weight percent solution of 80:20 water/acetone at 25 °C. The 
free radical polymerizations were initiated using ammonium persulfate and ascorbic 
acid over a period of 18 hours, as described in greater detail in our previous paper.
16
 
The compositions of the BH20PEGA-co-PLAaPEGbPLAaDA copolymers are given in 
Table 1.  
Table 1. Macromonomer feed compositions for synthesis of the BH20PEGA-co-
PLAa-PEGb-PLAa copolymers. (In the sample designation, B is used as an 
abbreviation for BH20PEGA, P for PEG and L for PLA, and the subscripts are the 
average values of a and b.)
 
Sample 
Designation  
Weight 
Fraction 
BH20PEGA 
Mole 
Fraction 
BH20PEGA 
BP20L2.5 0.48 0.10 
BP20L5 0.42 0.10 
BP20L10 0.34 0.10 
BP41L5 0.32 0.10 
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Degradation experiments and mass loss measurements 
Dried disc samples (4 mm diameter x 1 mm thick) weighing approximately 10 mg 
were immersed separately in 15 mL of PBS (pH=7.4) and maintained in an incubator 
at 37 °C for 16 weeks. The PBS solution was changed weekly. The hydrolysed discs 
were removed at various time intervals and after being washed thoroughly with 
ultrapure water, the samples were then dried in a freeze dryer for 4 days. The 
percentage of mass loss was measured with respect to the initial mass. The dried 
hydrolysed gels were also subjected to ATR-FTIR analysis.  
Infrared spectroscopy  
Infrared spectra were collected on dried samples by the attenuated total reflectance 
(ATR) method using a Nicolet 5700 FTIR spectrometer (Thermo Electron Corp, 
Madison, WI) equipped with a Nicolet Smart Orbit ATR accessory incorporating a 
diamond internal reflection element. Spectra were collected for all the samples at a 
resolution of 4 cm
-1
 in the range 4000 – 600 cm-1 for a total of 32 scans and are not 
corrected for penetration depth variation. Peak deconvolutions were performed using 
Perkin Elmer GRAMS software. 
Cytocompatibility studies 
Disinfection and degradation of hydrogels 
A total of 24 BP20L5 hydrogel samples (4 mm diameter and 1 mm thick, 3 per culture 
time, per experiment) were used in the biocompatibility study and were disinfected 
with 70% ethanol for 10 min as described previously.
16
 The analysis materials were 
obtained from Invitrogen (USA) unless otherwise specified. After disinfection, the 
hydrogels were washed three times using 0.01 M Dulbecco’s phosphate buffered 
saline solution, dPBS, at pH 7.4 followed by Minimum Essential Medium (MEM) 
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culture media, supplemented with 20% fetal calf serum (Morgate Biotech, Australia); 
2% penicillin (1×10
4
 µg mL
-1
), streptomycin (1×10
4
 µg mL
-1
) and 0.2% Fungizone™ 
Antimycotic liquid (1 µg mL
-1
). Each BP20L5 sample was placed into a well of a 
sterile 24 well plate immersed in 150 µL of MEM culture, incubated at 37 ± 0.5 °C 
(pH 7.4) with 5% CO2/95% air and allowed to degrade over 28 days. For the control 
group, osteoblasts were cultured under similar conditions but without any hydrogel 
present. 
Culturing of calvarial osteoblasts 
Primary osteoblast cell lines were cultured from the dissected calvaria of four female 
Lewis rats (body weight = 63 ± 6 g; mean ± standard deviation), obtained from the 
Animal Resource Centre, Perth, Western Australia, in accordance with the National 
Health and Medical Research Council of Australia Guidelines and approved by The 
University of Queensland Animal Ethics Committee (DENT/236/08/ADRF/IBRA). 
Calvaria were washed in Hanks balanced salt solution (Sigma-Aldrich, USA), 
supplemented with 20% fetal calf serum, 1% gentamicin (10 mg mL
-1
) and 0.2% 
Antimycotic liquid (1 µg mL
-1
) at room temperature. Calvaria were cut into small 
fragments and incubated in 0.25% trypsin for 20 minutes at 37 ± 0.5 °C (pH 7.4) with 
5% CO2/95% air to remove fibroblasts.
22
 The tissues were then washed with the 
culture media three times and immersed in culture media in a cell culture flask for 7 
days to establish a confluent monolayer of primary osteoblasts.  
At day 23 of hydrogel degradation, the cytocompatibility of the degrading gels was 
commenced by adding 10
4
 primary osteoblasts in 150 µL of culture media into the 
each well containing a hydrogel sample. Thus day 23 of the degradation process was 
day 0 for the cytocompatibility study, and subsequently at days 2, 4 and 5 the 
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osteoblast cell suspension from the wells of three hydrogel samples were used for a 
quantitative immunoassay of alkaline phosphatise, ALP, and osteocalcin, OCN, (so, n 
= 3 for each assay). In addition, the osteoblast cell suspensions from three hydrogel 
samples were used for ALP and OCN immunohistochemistry experiments. 
Immunohistochemistry for osteoblast markers 
The 300 µL of solution containing the osteoblasts in each well was removed and three 
equal volumes of 100 µL were spread on three poly-L-lysine glass slides (Shandon 
Cytospin™ 4 Cytocentrifuge, Thermo Electron Corp., USA) as a monolayer of 
osteoblasts and fixed with 2.0% paraformaldehyde/lysine/periodate. The osteoblasts 
on the slides were treated with a primary antibody for anti-ALP goat (1:100 
monoclonal) or anti-OCN rabbit (1:100 polyclonal) from Santa Cruz Biochemistry 
(USA) depending on the marker. For the negative control, a non-specific polyclonal 
rat IgG was used. A polymer detection kit (Super Picture™, Zymed Laboratories, 
UK) with a secondary antibody linked to a horseradish peroxidase polymer conjugate 
(HRP polymer) was used to develop the stain. The immunopositive osteoblasts on 
each slide were counted in five non-adjacent, 50 µm square areas of the grid using a 
precalibrated (1.0 mm) graticule eyepiece micrometer (24 OC-M 10/10 SQ, 
Olympus). The mean and SD of these counts for the five areas, three slides, and the 
three hydrogel samples (i.e. 45 separate osteoblast counts in all) at each culture time 
were then calculated. 
Alkaline phosphatase immunoassay 
Analysis materials were obtained from Sigma Aldrich (USA) unless otherwise 
specified. The ALP activity was measured using the p-nitrophenol phosphate (pNPP) 
method.
23
 At days 2, 4 and 5, the osteoblasts in the three samples were washed with 
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PBS (twice) and tris buffered saline (TBS; pH 8). The osteoblasts were then incubated 
with conjugate streptavidin–ALP (1:500) in 100 µL of TBS (1 mg mL-1; pH 9.2) 
containing blocking agents (0.05% TWEEN™ 20) for 120 minutes at 37 °C. The 
unbound conjugate was removed using TBS and 200 µL of pNPP solution was added 
to each well and incubated for an additional 30 minutes. The ALP activity expressed 
by 50% effective dose (ng mL
-1
/ED50) was calculated by measuring the absorbance 
of the p-nitrophenol product (405 nm) using a microplate reader (ELx 800 BioTek, 
USA). 
Osteocalcin Immunoassay 
Analysis materials were obtained from Biomedical Technologies (USA) unless 
otherwise specified. OCN activity of the cultured osteoblasts was measured using a 
sandwich ELISA kit specific for rat OCN. The optical density of the standards diluted 
to concentrations of 0.33, 1, 2, 5, 10 and 20 ng mL
-1
 was plotted to generate a 
standard curve. At days 2, 4 and 5, OCN activity was measured following sequential 
incubations of the cultured osteoblasts with OCN serum, secondary antibody (donkey 
anti-goat IgG peroxidase) and enzyme substrate (3 3
′
, 5 5
′
-tetramethyl benzidine). The 
OCN concentration (ng mL
-1
) was obtained from the standard curve. 
Confocal Microscopy 
To observe cell attachment and cell spreading on the surface of the degrading 
hydrogels and on the base of the chamber slide (Nunc
TM
 Lab Tek
®
 Chamber Slides, 
USA), cultured osteoblasts were washed with dPBS (three times) to remove serum 
esterase activity. The osteoblasts were stained with 300 µL of dPBS containing 1 µM 
calcein AM for green fluorescence of live cells at ex/em ~490 nm/~515 nm and 2 µM 
ethidium homodimer-1 ( in 1:4 DMSO/H2O) for red fluorescence of dead cells at 
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ex/em ~490 nm/~635 nm (Invitrogen, USA) for 1 hour at room temperature.
24
 After 
staining, randomly selected areas on the surface of the hydrogels and the base of the 
slides were examined for cell attachment and cell spreading using a Zeiss Meta 510 
confocal laser scanning microscope and images were analysed using LSM 510 
program (Zeiss LSM Axiovert, Germany). 
Data Analysis 
Immunopositive ALP and OCN cell counts and quantitative immunoassay analysis 
data are reported as the mean ± one standard deviation, SD, of triplicate samples and 
analysed using a one-way analysis of variance (ANOVA) with p<0.05 being 
statistically significant (Graph Pad Instat). 
 
Results and Discussion 
Characterization of the Acrylated PLA-PEG-PLA Macromonomers 
The acrylated PLA-PEG-PLA macromonomers were characterized by NMR, as 
reported in our previous paper,
16
 and their compositions are given in Table 2. The 
ATR-FTIR spectra of the macromonomers in the range 900 to 3500 cm
-1
 are 
presented in Figure 2, where the spectra have been indexed to the maximum 
absorbance of the CH stretch of the PEG at 2870 cm
-1
. The most important bands in 
the ATR-FTIR spectra are summarized in Table 3, where the band assignments and 
positions have been taken from information previously reported in the literature. 
25-34
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Figure 2. ATR-FTIR spectra of the PLA-PEG-PLA triblock macromonomers. (A) the 
P20LxDA series and (B) the P41L5DA and P20L5DA macromonomers. The spectra 
have been indexed to the CH absorption at 2870 cm
-1
. 
 
Table 2. Concentrations of PLA and carbonyl groups in the PLA-PEG-PLA   
macromonomers determined from 
1
H NMR analysis.
16
  
Macromonomer  
Designation 
PLA 
Concentration/ 
mmol g
-1
 
Carbonyl 
Concentration/ 
mmol g
-1
 
P20L2.5DA 3.5 5.1 
P20L5DA 5.7 6.9 
P20L10DA 8.3 9.1 
P41L5DA 3.8 4.5 
 
Most of the ATR-FTIR bands associated with the PLA and PEG at least partially 
overlap with other bands in the spectra. For example, the CH stretching bands at 
2800-3000 cm
-1
 of the methyl groups in the PLA and the methylene groups of the 
PEG partially overlap, as do the C-O-C bands of the PLA and PEG which appear in 
the range 1050 to 1250 cm
-1
. The CH2 scissoring band of the PEG and the CH3 
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asymmetric deformation band of PLA are also overlapped in the range 1400-1500 cm
-
1
. The CH3 symmetric deformation vibration of the PLA is relatively well resolved in 
the spectra at 1382 cm
-1
, but this band is of low intensity.  
The bands in the range 1720-1780 cm
-1
 are associated with the carbonyl ester groups 
of the PLA and acrylate components. Ester groups are well known to be sensitive to 
hydrolysis. The carboxyl groups of lactic acid or lactic acid chain end groups also 
absorb in this wavenumber range. The spectra for the P20L2.5DA and P20L5DA 
macromonomers show two distinct carbonyl absorption bands, one for the PLA 
component at ≈ 1751 cm-1 and the other for the acrylate components at ≈ 1729 cm-1. 
However, for the P20L10DA macromonomer the two bands significantly overlap and 
are merged into one broad absorption peak. The total areas of the carbonyl bands for 
the copolymers with 20 units of PEG increase linearly with the ester concentrations of 
the hydrogels given in Table 2, as would be expected. Bands associated with the 
double bonds at the acrylated chain-ends in the macromonomer appear at 1620-1640 
cm
-1
 and 1410 cm
-1
. However, the former band is overlapped by a band due to the 
presence of residual water which is difficult to remove completely from the 
macromonomers, even after extended vacuum drying. 
It is well known that the carbonyl absorption bands in the FTIR spectra of poly(lactic 
acid) and lactic acid copolymers with long lactate sequences reveal the presence of 
different lactate conformational diads that absorb at slightly different 
wavenumbers.
31,35
 The presence of conformational diads in the carbonyl region can be 
seen in the first and second derivative spectra of the P20L10DA macromonomer, as 
demonstrated in Figure 3. Three lactate diad absorption peaks are identifiable in the 
spectra at ≈ 1749, 1756 and 1776 cm-1, which have been assigned to the tt, gt and gg 
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conformers in poly(lactic acid) by Meaurio et al.,
31,35
 as is the acrylate carbonyl 
absorption peak at ≈ 1728 cm-1. The first and second derivative spectra of the 
P20L5DA macromonomer also show the same diad absorptions at similar 
wavenumbers, but the P20L2.5DA macromonomer contains only short lactate 
sequences, and reveals just one lactate absorption peak centred at 1753 cm
-1
, in 
addition to the acrylate ester group absorption at ≈ 1728 cm-1. 
 
Figure 3. First (black) and second (blue) derivative ATR-FTIR spectra of the 
acrylated PLA-PEG-PLA macromonomer P20L10DA demonstrating the presence of 
the lactate conformational diads. 
 
Rashkov et al.
36
 have previously studied several hydroxy-terminated PLA-PEG-PLA 
copolymers with PLA segment lengths of 2 to 8 units. They found that the absorbance 
maxima for the lactate carbonyl bands in their polymers with the shortest PLA 
segments appear at lower wavenumbers than those with longer segments. For 
example, for a polymer with a sequence of two lactate units, the peak maximum was 
Wavenumber / cm
-1
1675170017251750177518001825
In
te
n
s
it
y
 /
 a
u
-0.04
-0.02
0.00
0.02
0.04
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at 1751 cm
-1
, whereas for one with 8 units it was at 1757 cm
-1
. In poly(lactic acid) the 
absorption maximum is at 1760 cm
-1
.
37
 We have found a similar trend in the spectra 
of the acrylated PLA-PEG-PLA macromonomers. 
 
Crosslinked PLA-PEG-PLA copolymer networks 
The properties of the crosslinked PLA-PEG-PLA copolymer networks with long 
sequences of both PLA and PEG have been widely reported in the literature.
38-41
 
However, less attention has been paid to the properties of PLA-PEG-PLA networks 
that contain only short sequences of PLA (one to ten units), even though these are 
attractive materials for some biomedical applications because much less lactic acid is 
released during their hydrolytic degradation. For later comparison with the properties 
of the Boltorn-containing hydrogels, some relevant properties of the crosslinked PLA-
PEG-PLA hydrogels prepared as part of this work are presented succinctly below.  
Typical ATR-FTIR spectra of the crosslinked copolymers are shown in Figure 4 for 
the P20Lx and P41Lx series. Whether the acrylate crosslinking reaction was initiated by 
a redox initiator or by a photochemical initiator, the FTIR band at 1410 cm
-1
 due to 
the presence of the acrylate double bonds in the macromonomers disappeared during 
polymerization, indicating the formation of highly crosslinked copolymer networks. 
The acrylate peak absorption at 1410 cm
-1
, arising from the methylene groups of the 
macromonomer double bonds (identified in Figure 2) is seen to be absent from the 
spectra of the copolymer networks shown in Figure 4. This observation was consistent 
with solid state NMR studies of the network copolymers. 
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Figure 4. ATR-FTIR spectra of the dry crosslinked PLA-PEG-PLA copolymers for 
(A) the P20Lx series and (B) the P41L5 and P20L5 copolymers. The spectra have been 
indexed to the CH absorption at 2870 cm
-1
. 
 
An obvious change in the spectra of the dried copolymer networks was a coalescence 
of the lactate and acrylate carbonyl bands present in the macromonomers to form a 
single broad composite band. The acrylate carbonyl band that is distinctly present in 
the P20L2.5DA and P20L5DA macromonomers moves to a higher wavenumber due to a 
loss of delocalization when the vinyl groups of the acrylate polymerize. The molar 
absorptivity of the band also changes. The spectra in Figure 4 are similar to those 
reported by Li et al.
39
 for PLA-PEG-PLA crosslinked hydrogels with long PLA and 
PEG block lengths. First and second derivative spectra of the P20L10 polymer did 
reveal the presence of contributions to the composite band from the lactate tt, gt and 
gg diad components at ≈1746, 1754 and 1774 cm-1 respectively, as well as the 
acrylate ester carbonyl component. However, no diad components were distinctly 
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resolved in the derivative spectra of the broad carbonyl bands of the networks with 
shorter PLA sequence lengths. 
When the dry crosslinked copolymers were placed in water or PBS at pH 7.4 they 
swelled rapidly and the extent of swelling, Qe, was dependent on the composition of 
the copolymer. For a fixed molecular weight of the PEG component, the value of Qe 
decreased slightly with increasing lactate segment length. In PBS the copolymers 
swell to a temporary equilibrium, but the value of Qe in PBS is less than that for water 
because of the salting out behaviour of the PEG segments in the salt solution.
16
 For 
example, for the P20L10 hydrogel in water, Qe at 37 °C is 0.73 + 0.07 whereas in PBS 
the value is 0.29 + 0.01. 
In PBS a slow hydrolysis of the polymer ester linkages occurs, and this results in a 
decrease in the crosslink density of the network. The mechanism of the hydrolysis of 
these copolymers has been postulated to occur by random chain scission of the PLA 
units.
42-44
 However, the preferred cleavage site for hydrolysis is somewhat 
controversial, and contradicting results have been reported as to whether cleavage 
occurs preferentially at the ester-ether linkage at the PLA-PEG segment junction or at 
other ester-ester linkages in the PLA segments. However, 
1
H and 
13
C NMR studies 
have shown that chain scission at these ester linkages occurs statistically.
42-44
  
Shah et al.
5
 have studied the kinetics of the hydrolysis of PLA-PEG-PLA hydrogels 
with short PLA sequence lengths in a phosphate buffer at pH 7.4 that was similar to 
PBS, and they reported adherence to pseudo first order kinetics, with a PLA ester 
half-life of about 29 days. Similar hydrolysis kinetics would be expected for the 
hydrogels studied in the current work.  
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As hydrolysis takes place and the crosslink density of the residual hydrogels decrease, 
the hydrogels can absorb more of the PBS solution and fragments of the polymers are 
lost to the surrounding medium. As a result the mass of absorbed PBS to the mass of 
polymer in the residual hydrogel increases during hydrolysis. For example, in the case 
of the P20L10 hydrogel mentioned above, ≈ 35% of the original mass of polymer was 
lost from the network over a period of 19 days in PBS at 37 °C, and the PBS to 
polymer mass ratio in the residual hydrogel increased from 0.29 to 0.52. Eventually so 
much of the polymer network is hydrolysed that the swollen hydrogel becomes fragile 
and loses its integrity. 
The chemical changes that occur in the hydrogels as a result of hydrolysis were 
elucidated by ATR-FTIR analyses of the residual hydrogels after various periods of 
time in PBS. Spectra of the ester, ether, methylene and methyl bands within the range 
3500 to 900 cm
-1
 are presented for the dried P20L5 hydrogel residues in Figure 5 for 
hydrolysis times of 0, 19, 27, 41 and 48 days. Over a period of 48 days ≈ 50 % of the 
original mass of the polymer network is lost. The spectra in Figure 5 have been 
indexed to the intensity of the carbonyl peak at 1755 cm
-1
 to allow easier comparison 
of the relative intensities of the carbonyl peak with the other peaks in this 
wavenumber range. The figure shows that over the 48 days in PBS the profiles of the 
carbonyl peaks do not change significantly, even though there has been a very 
significant polymer mass loss during the period.  
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Figure 5. ATR-FTIR spectra of the washed and dried hydrolysed P20L5 residues 
following hydrolysis in PBS at pH 7.4 at 37 °C for different periods of time. The 
spectra have been indexed on the carbonyl absorption peak. 
 
One obvious change in the spectra of the residual hydrogels is the appearance of a 
new peak at 1612 cm
-1
. This peak was shown, by washing the residues alternatively 
with an acidic and basic solution, to rise from the formation of carboxylate chain end 
groups in the hydrogels during hydrolysis. It can also be clearly seen from the spectra 
that if account is taken of minor baseline differences, there is little change in the 
relative intensities of the PLA peaks at 1383 cm
-1
 and 1184 cm
-1
 over the hydrolysis 
period. However, the ether asymmetric stretch at 1090 cm
-1
 and the CH symmetric 
stretch of the CH2 groups of the PEG segments at 2873 cm
-1
 both decrease in intensity 
relative to the carbonyl peak. After 28 days in PBS, the residual intensity of the latter 
peak falls to ≈54% of its initial intensity relative to the carbonyl peak, but then the 
ratio increases slightly again. This indicates that initially the CH2 groups in the PEG 
segments are decreasing in concentration in the residual hydrogels faster than the 
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concentration of PLA carbonyl groups. Similar observations have been reported by Li 
et al.
39
 for the hydrolysis of PLA-PEG-PLA hydrogels containing long segments of 
both PLA and PEG (segment lengths of ≈ 200 to 500 units). They also reported that 
the surrounding medium became correspondingly richer in PEG as the hydrogels 
degrade, so confirming a decrease in the fraction of PEG in the residual copolymer. 
These observations probably arise because whole segments of PEG must be lost at 
once, whereas single molecules or LA dimers are lost from the PLA segments during 
hydrolysis. 
 
BH20PEGA-co-PLA-PEG-PLA copolymer networks 
A series of hydrogels was prepared with a constant mole ratio of BH20PEGA to the 
acrylated PLA-PEG-PLA macromonomer (1:9), but with different PLA block lengths 
(2.5, 5 and 10 units) and a constant average PEG block length of 20 units. In order to 
examine the role of the PEG block length on the properties of the hydrogels, one 
hydrogel was also prepared with the same comacromonomer mole ratio, but with an 
average of 41 PEG units and a block length of 5 PLA units.
16
  
Typical ATR-FTIR spectra of the washed and dried hydrogels are presented in Figure 
6 over the spectral range 3500 to 900 cm
-1
. The assignments of the various bands in 
the spectra are presented in Table 3. The ATR-FTIR spectra show that the band 
associated with the double bonds of the macromonomers at ≈ 1410 cm-1 is not present 
in the copolymers, indicating high conversions of the macromonomers to form 
crosslinked copolymer networks. 
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The spectra presented in Figure 6 show systematic changes in the carbonyl and ether 
bands when the PLA or the PEG block lengths in the copolymers are modified. The 
spectra have been indexed on the CH stretching bands at ≈ 2870 cm-1. With increasing 
PLA content in the BP20L2.5, BP20L5 and BP20L10 series of copolymers (Figure 6A), 
the areas of the carbonyl and PLA methyl bands in the spectra increase linearly with 
the total carbonyl and PLA content of the copolymers respectively. In Figure 6B, the 
relative intensities of the PLA bands for the BP41L5 copolymer are smaller than those 
for the corresponding BP20L5 copolymer, reflecting the lower carbonyl concentration 
in this network. 
 
 
 
Figure 6. ATR-FTIR spectra of the washed and dried hydrogel residues, (A) the 
BP20Lx series (insert an expansion of the carbonyl region) and (B) the BP41L5 and 
BP20L5 copolymers. The spectra have been indexed using the CH band at 2870 cm
-1
. 
 
 
   23 
 
 
Table 3. Relevant band positions and functional group assignments of the ATR-FTIR 
spectra of the copolymers based upon literature assignments.
25-34
 
Band Positions 
cm
-1
 
Functional Groups 
718, 800 COH out-of-plane (carboxylic acids, dimer) 
782 -CO2
-
 scissoring 
810 CH2 out-of-plane deformation (acrylate) 
947 CH2 rocking (CH2-CH2-O) 
1150-1060 C-O-C ether asymmetric stretching 
1247 CH2 twisting (CH2-CH2-O) 
1290, 1395 -CO2
-
 (symmetric stretching) 
1382 CH3 symmetric deformation 
1410 C-H deformation (acrylate) 
1460 C-H deformation (CH2 scissoring) 
1570-1620 -CO2
-
 (asymmetric stretching) 
1590-1630 H2O bending mode 
1620 C=C stretching (acrylate) 
1640 C=C stretching (acrylate) 
1694 C=O stretching (carboxylic acid) 
1730 C=O stretching (ester and acrylate) 
1746 C=O stretching (lactic acid esters) 
1754 C=O stretching (lactic acid esters) 
1767 C=O stretching (lactic acid esters) 
2890 C-H stretching (CH2 symmetric) 
2918 C-H stretching (CH, CH3 symmetric) 
2962 CH2 asymmetric stretching  
2989 CH3 asymmetric stretching  
3030 C-H stretching (vinyl) 
3068 C-H stretching (vinyl) 
3300-2500 O-H stretching (carboxylic acid) 
3550-3230 O-H stretching (hydroxyl and water) 
 
The insert in Figure 6A shows an expansion of the carbonyl region of the spectra of 
the copolymers containing 20 ethylene glycol units. These spectra reveal the changes 
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in the band profiles that occur with the increasing PLA segment length in this series of 
copolymers. The carbonyl band profile for the BP20L10 copolymer changes the most 
with the increase in the PLA segment length, and in this copolymer the PLA ester 
peak is clearly the most intense peak in the band. This copolymer contains the highest 
PLA concentration (see Table 4).  
 
Table 4. Concentrations of ester carbonyl and methyl groups in the hydrogels 
calculated from the copolymer compositions. 
Gel C=O (mmol g
-1
) CH3 (mmol g
-1
) 
Samples BH20PEGA+Acrylates PLA Total  BH20PEGA PLA 
BP20L2.5 2.73 1.93 4.65 0.13 0.48 
BP20L5 2.41 3.36 5.77 0.12 0.84 
BP20L10 1.95 5.38 7.33 0.10 1.34 
BP41L5 1.82 2.50 4.32 0.09 0.62 
 
The carbonyl regions of the spectra for the BP20L2.5 and BP20L5 copolymers also 
shown in the insert in Figure 6A are characterized by overlapping bands with 
absorption maxima at ≈ 1730 cm-1. The positions of the maxima correspond closely to 
the wavenumbers for the carbonyl stretching vibrations of the non-PLA esters in these 
polymer networks. The PLA ester groups in the copolymers absorb at higher 
wavenumbers than do the other esters present, as revealed clearly in the carbonyl 
spectrum of the BP20L10 copolymer. The PLA gg, tg and tt diad conformation bands 
for this copolymer are clearly evident in the first and second derivative spectra at 
1778, 1759 and 1749 cm
-1
. 
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When the PEG block length is increased from 20 to 41 EO units the profiles of some 
bands in Figure 6B change, particularly the intensities of the bands at ≈ 1342, 1275 
and 843 cm
-1
 that correspond to the CH2 wagging, twisting and rocking modes, and 
the ether band at ≈ 1100 cm-1.31-33 However, the positions of the peak maxima for the 
carbonyl bands are approximately the same, albeit with a lower carbonyl peak 
intensity for the BP41L5 due to a lower total carbonyl concentration. 
 
Hydrolytic degradation of the Boltorn hydrogels in PBS 
 When the BH20PEGA-co-PLA-PEG-PLA copolymers are placed in water or PBS 
they swell rapidly to an equilibrium swelling ratio, Qe. The values of Qe in the two 
media were found to decrease with increasing PLA block length for a fixed PEG 
segment length and to increase with an increase in the PEG block length when the 
PLA segment length was fixed. In water and PBS the values of Qe at 37 °C for the 
BP20L10 hydrogel are 2.2 and 1.2, respectively, demonstrating that as for the PLA-
PEG-PLA hydrogels, Qe is much smaller in PBS than it is in water. 
The BH20PEGA-co-PLA-PEG-PLA hydrogels undergo slow ester hydrolysis in PBS, 
(pH = 7.4) at 37 °C, which causes chain scission, a decrease in the crosslink density 
and a loss of chain fragments to the surrounding medium. Over a period of 112 days 
the rate of mass loss is approximately constant, and the average rates of mass loss 
increase systematically with increasing PLA concentration in the copolymers, and 
also with increasing PEG block length for a fixed PLA block size, as demonstrated in 
Table 5. By way of comparison, a hydrogel containing no lactide segments, BP20L0, 
loses very little mass (< 1%) over a period of 20 days, whereas BP20L10 undergoes a 
mass loss of > 10% over this time period. The data in Table 5 also show that the rates 
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of mass loss from the BH20PEGA-co-PLA-PEG-PLA hydrogels are much lower than 
for the corresponding PLA-PEG-PLA hydrogels. For example, after 20 days the 
P20L10 hydrogel suffers a mass loss of almost 40%, whereas it takes ≈ 70 days for the 
BP20L10 hydrogel to undergo the same percentage mass loss. These observations 
indicate the important role of the Boltorn macromonomer in controlling the rate of 
mass loss in these hydrogels. They also indicate how the rate of mass loss can be 
controlled in Boltorn-PLA-PEG-PLA hydrogels used in drug delivery applications. 
 
Table 5. Average rate of mass loss from the hydrogels in PBS at pH 7.4 at 37 
°
C over 
a degradation period of 112 days. 
Hydrogel 
Designation 
Average Rate  
of Mass Loss  
% day
-1 
BP20L2.5 0.39 ± 0.02 
BP20L5 0.49 ± 0.02 
BP20L10 0.57 ± 0.02 
BP41L5 0.62 ± 0.03 
 
Polyester hydrolysis is well known to follow pseudo first order kinetics at a fixed pH, 
and the rate of bond scission is strongly affected by the solution pH and ionic 
strength.
44
 For a mass loss to occur in a crosslinked hydrogel at least two chain 
scission events via ester breakdown must take place to form a chain fragment, and the 
chain fragment must then escape from the hydrogel into the surrounding medium. 
This can be a slow diffusion process dependent on the fragment size and the crosslink 
density of the hydrogel. Thus, the rates of mass loss and ester hydrolysis in a 
copolymer network are not identical in value.  
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It is therefore of interest to examine the time dependence of the carbonyl absorption 
of the copolymers during ester hydrolysis in PBS at 37 °C for comparison with the 
mass loss. The changing profiles of the carbonyl bands with degradation time are 
shown in Figure 7 for the BP20Lx polymer series. The intensities of the ester bands all 
decrease with hydrolysis time, but this can be seen most clearly in the spectra shown 
in Figure 7C for the BP20L10 copolymer. However, care must be taken in evaluating 
these carbonyl bands as the lactic acid carboxyl groups formed on hydrolysis of PLA 
have a strong absorbance at 1725 cm
-1
, and this band overlaps the carbonyl bands 
centred at 1740-1730 cm
-1
.
37,45
 Consequently it is not possible to evaluate the kinetics 
of ester hydrolysis from the changing areas of these composite ester bands without 
deconvoluting the carbonyl band into its various components. However, the 
appearance of the broad band in the spectra at ≈ 1610 cm-1, indicating the formation 
of some carboxylate groups, provides clear evidence that ester hydrolysis is taking 
place in these hydrogels in PBS.  
 
 
Figure 7. Normalized ATR-FTIR spectra of the gels for (A) BP20L2.5, (B) BP20L5 and 
(C) BP20L10 as a function of degradation time (w; weeks) in the region 1900 cm
-1
 to 
1500 cm
-1
. Spectra are offset for clarity. 
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The contributions of the PLA esters in the BP20L10 copolymer are significantly better 
resolved from the contributions of the other ester groups, so the contributions of the 
PLA ester can be deconvoluted from the overall ester band with greater reliability 
than for the other hydrogels, and a measure of the changing PLA ester concentration 
with degradation time can be obtained for this copolymer in PBS. Consequently the 
effect of the Boltorn component on the kinetics of the PLA ester hydrolysis in these 
hydrogels can be reliably evaluated via a comparison with the behaviour of the 
corresponding PLA-PEG-PLA crosslinked hydrogels. 
PLA ester groups can be lost either by hydrolysis of the ester linkages or by the loss 
of polymer chain fragments containing PLA ester groups. ATR-FTIR analyses of the 
residual ester content of a hydrogel after a period in PBS cannot separate these two 
processes. However, the changing profile of the ester band in BP20L10 during 
hydrolysis in PBS at pH 7.4 at 37 
o
C is consistent with the rate of hydrolysis of the 
lactate esters being much faster than that for the loss of any of the other aliphatic 
esters in the hydrogel.
5,46
  
The intensity of the PLA absorption peaks at 1755 cm
-1
 for BP20L10 (see Figure 7C) 
give a measure of the concentration of PLA ester groups remaining in the residual 
hydrogel. In Figure 8 the fraction of the initial peak area remaining in the residual 
hydrogel is plotted against time to provide a profile for the loss of PLA ester groups 
from BP20L10 during hydrolysis. (The relative areas of the peaks at 1755 cm
-1
 were 
obtained by deconvolution of the ester bands.) The profile presented in Figure 8 
indicates that 40% of the PLA ester groups are lost within a period of about 25 days in 
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PBS at 37 °C, whereas the overall hydrogel mass loss is a much slower process, with 
a 40% mass loss requiring ≈ 70 days. 
 
 
Figure 8. Fraction of the initial intensity of the lactate carbonyl peak in the dried 
residual BP20L10 remaining after various hydrolysis times in PBS at 37 °C. The solid 
line is the prediction based on the hydrolysis rate parameter reported by Shah et al.
35
 
 
Shah et al.
5
 have studied the kinetics of the hydrolysis of the lactate ester groups in 
PLA-PEG-PLA crosslinked hydrogels with short lactate sequence lengths, and they 
reported adherence to pseudo first order kinetics. In a phosphate buffer of pH 7.4 with 
an ionic strength of 0.135 M at 37 °C, conditions similar to that of PBS, they reported 
that the rate constant for the PLA hydrolysis is 1 x 10
-3
 hr
-1
. The solid line in Figure 8 
is their predicted curve for the fraction of ester linkages remaining after various 
hydrolysis times. The good representation of the changing PLA carbonyl intensity 
provided by this curve indicates that the presence of the BH20PEGA component in 
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the hydrogel network does not alter significantly the kinetics for the hydrolysis of the 
short PLA segments. This is also likely to be true for the other BH20-containing 
hydrogels studied here. In addition it shows that any loss of PLA oligomers attached 
to soluble PEG fragments do not contribute significantly to the overall decrease in the 
PLA ester concentration. These observations are interesting from the perspective of 
drug delivery, where the incorporation of BH20PEGA comacromonomer into a PLA-
PEG-PLA hydrogel confers enhanced matrix stability (slower mass loss), although the 
rate of PLA ester hydrolysis is largely unaffected. Such a property may also be 
attractive for tissue engineering scaffold applications. 
For the PLA-PEG-PLA hydrogels, the intensity of the CH stretch of the CH2 groups 
relative to that for the corresponding carbonyl peaks in the FTIR spectra decreased 
during hydrolysis. However, the BP20L2.5, BP20L5 and BP20L10 copolymers do not 
show a similar behaviour, and the ratio of the intensities of these two peaks remained 
approximately constant across the hydrolysis period. This is probably due to the 
presence of the multifunctional BH20PEGA comacromonomer, which increases the 
concentration of CH2 groups relative to carbonyl groups in this series of copolymers 
compared to the corresponding PLA-PEG-PLA networks. The BH20PEGA also 
changes the nature of the crosslinking within the networks and modifies the crosslink 
density, both of which will affect the diffusion of any large CH2-containing chain 
fragments within the hydrogel. 
The changes in the carbonyl band of the BP41L5 hydrogel during hydrolysis in PBS at 
37 °C were similar to those for the corresponding BP20L5 hydrogel, and the intensity 
of the band decreased during the hydrolysis and a new broad band appeared at a lower 
wavenumber signaling the formation of carboxylate groups in the network. Once 
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again, because the absorptions of the various bands are so extensively overlapped, the 
extent of hydrolysis of the PLA could not be measured accurately from the profile of 
the carbonyl band. 
To examine the relationship between the rate of loss of carbonyl groups and that for 
loss of PEG in the BP41L5 copolymer, the ratio of the maximum intensity of the 
methylene peak at 2870 cm
-1
 to that of the carbonyl peak at 1730 cm
-1
 in the residual 
BP41L5 has been plotted in Figure 9. The corresponding plot for the BP20L5 
copolymer is also shown for comparison. The two copolymers show quite different 
behaviours, with the BP41L5 copolymer showing an initial increase in the intensity 
ratio before decreasing again as further hydrolysis proceeds, whereas the ratio for the 
BP20L5 copolymer the ratio falls slightly initially and then increases again and 
subsequently remains reasonably constant. The rate of mass loss from the BP41L5 
hydrogel is about 26% faster than that for the BP41L5 hydrogel. These observations 
indicate that initially the longer PEG fragments formed in the BP41L5 hydrogel cannot 
diffuse out of the densely crosslinked network as readily as they can for the BP20L5, 
but as hydrolysis proceeds and the crosslink density decreases, more of the PEG 
fragments can then be released to the surrounding PBS medium. 
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Figure 9. The intensity ratio of the CH absorption at 2870 cm
-1
 to the carbonyl 
absorption at 1730 cm
-1
 for the dried hydrogels after various hydrolysis times in PBS 
at 37 °C. 
 
Biocompatibility studies 
In our previously published work,
16
 the biocompatibility of the unhydrolysed BP20L5 
hydrogel was investigated for cell proliferation, viability, attachment and 
immunohistochemistry using cultured periodontal fibroblasts from female Lewis rats 
over a period of 5 days. The BP20L5 hydrogel showed excellent cytocompatibility 
with no significant differences compared to the controls. However, the 
biocompatibility of the degrading polymer containing new acidic chain ends and 
water soluble chain fragments formed during hydrolysis has not been previously 
evaluated. This is especially of interest because it is known that acidic by-products of 
polymer degradation can be detrimental to the viability of cells and cause tissue 
inflammation.
47-51
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Herein we have shown that the half-life of the lactate ester groups in the hydrogels is 
approximately ≈ 28 days in PBS at pH 7.4 at 37 °C. Also, a weight loss study on 
BP20L5 indicated after 28 days of immersion in PBS the hydrogel had lost ≈ 15% of 
its original mass to the surrounding medium. Therefore, to test the biocompatibility of 
BP20L5 during degradation in the presence of its degradation by-products, the viability 
of osteoblasts in the swelling medium (Minimum Essential Medium culture; at pH 
7.4, 37 °C) during BP20L5 hydrolysis was examined over the hydrolysis time range of 
23 to 28 days. In particular, the viability of osteoblasts was determined from the 
immunoexpression analyses of alkaline phosphatase (ALP) and osteocalcin (OCN) 
markers and measurements of their protein concentrations. These markers are 
typically associated with an increase in the osteoblast differentiation in vitro and new 
bone formation in vivo.
52,53
  
Immunopositive osteoblast counts for ALP and OCN markers in the presence of the 
degrading BP20L5 gel and its by-products for different culture periods (within the five-
day period) are shown in Figure 10A. In both the control and BP20L5 groups, 
osteoblasts showed positive staining for ALP and OCN over the 5 day culture period. 
The osteoblast expressions for both protein markers significantly increased (p<0.001) 
with time compared to the initial number of cells present and there was no statistical 
difference in cell numbers between groups or between the protein markers for each 
culture period. In Figure 10B, the cell morphology viewed under confocal microscopy 
at day 5 (day 28 of hydrolysis) shows a confluent monolayer of spindle-shaped 
fusiform cells typical of osteoblasts with long slender cytoplasmic processes and 
elongated nuclei. The osteoblasts appeared to be vital in the presence of the degrading 
hydrogel and its by-products.  
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Figure 10. The immunohistochemistry results versus culture time: (A) percentage 
change in the average osteoblast numbers for the control and the degraded BP20L5 
hydrogel and its by-products, as expressed by osteocalcin (OCN) and akaline 
phosphatase (ALP) markers. Day 23 of hydrolysis corresponds to day 0 culture time.  
Data represent the mean for 3 hydrogel samples ± SD of the mean. (B) confocal 
image of osteoblasts in the presence of the cultured BP20L5 hydrogel at day 5 (day 28 
of hydrolysis). 
 
Analysis of the immunoassay for OCN and ALP concentrations are presented in 
Figure 11A and B, respectively. For OCN, the concentration increased significantly 
with time during the 5-day culture period, and there were no significant differences 
between the groups at each time interval. A similar observation was made for the ALP 
concentration, except that at day 2 the ALP concentration in the presence of the 
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hydrogel was slightly lower than for the control (p ≈ 0.05). These results strongly 
demonstrate that the osteoblasts are differentiating and viable.  
 
Figure 11. Concentrations for (A) OCN and (B) ALP for the controls and cultured 
osteoblasts in the presence of BP20L5 at different culture times. Day 23 of hydrolysis 
corresponds to day 0 culture time.  Data represent the mean for 3 hydrogel samples ± 
SD of the mean. 
 
The above observations indicate that the degraded BP20L5 hydrogel and its by-
products are non-cytotoxic to cultured osteoblasts, and thus are biocompatible both 
before and during hydrolytic degradation. 
 
Conclusion 
FTIR spectroscopy has been used to characterize a series of acrylated PLA-PEG-PLA 
macromonomers, the crosslinked hydrogel networks prepared from these 
macromonomers and the crosslinked copolymer hydrogel networks prepared from the 
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macromonomers and the BH20PEGA macromonomer.  The swelling characteristics 
of the PLA-PEG-PLA and BH20PEGA-co-PLA-PEG-PLA networks in water and 
PBS at a pH of 7.4 have also been reported. 
FTIR spectroscopy has also been used to monitor the degradation of the PLA-PEG-
PLA and BH20PEGA-co-PLA-PEG-PLA networks in PBS at a pH of 7.4 at 37 
o
C. 
The ester groups in the PLA segments in the networks were found to degrade faster 
than the other esters present in the copolymers. It was also observed that for the 
BP20Lx series of copolymers the proportion of PEG units released from the networks 
into the swelling medium in the early stages of the degradation was higher than that of 
the PLA degradation products. This was attributed to the stability of the PEG 
segments, which requires a whole segment to be released, in contrast to the 
degradable PLA segments. 
The kinetics of the lactate ester hydrolysis in the BP20L10 copolymer network was 
studied in detail and it was shown that the presence of the Boltorn macromonomer did 
not influence the rate of degradation of the PLA segments in the BP20L10 hydrogel. 
The half-life of the lactate ester groups was found to be ≈ 28 days. 
The biocompatibility of the degrading BP20L5 network was studied at pH 7.4 at 37 
o
C 
by observing the viability of cultured osteoblasts from the calvaria of female Lewis 
rats over a 28-day hydrolysis period for three days between days 23 and 28. During 
the 28-day degradation time the BP20L5 network loses ≈ 15% of its original mass and 
≈ 50% of the PLA ester groups initially present are hydrolysed. Overall, it was shown 
that there was no statistical difference in the osteoblast numbers or in the 
concentrations of osteocalcin and alkaline phosphatase proteins between the control 
and the BP20L5 samples over the 28-day degradation period between days 23 and 28. 
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These results indicate that the hydrogel and its by-products are biocompatible, at least 
over the degradation range studied, and the increase in the proteins is a good 
indication of the osteoblasts differentiation in vitro, which is important for new bone 
formation in vivo. Although only the BP20L5 network was investigate here, it believed 
to be representative of the series of Boltorn copolymers because all of the copolymers 
contain the same components in similar amounts. 
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Graphical Abstract 
Functionalized pegylated hyperbranched polyester Boltorn® H20 was crosslinked 
with poly(lactide-b-ethylene glycol-b-lactide) diacrylate to form a series of in-situ 
crosslinkable degradable hydrogels for the delivery of drug and bioactive molecules. 
The process of polymer degradation is influenced by the presence of the Boltorn, the 
PEG and lactide block lengths, all of which played vital roles in determining the 
structure-property relationships in these materials. Over a 28 days hydrolysis period, 
cultured osteoblasts were viable and proliferating, much on par with the control tissue 
culture plates.  
 
 
 
